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(54) Terminal unit using Rake receiver and searching method 



(57) A next alternative storing memory that stores a 
next alternative code is disposed. When demodulated 
data cannot be obtained, in the case that a code as a - 
next alternative has been stored in the next alternative 



storing memory a partial searching process is per- 
formed, with the code so as to demodulate data. 

When data can be demodulated, a searching proc- 
ess is performed with the code. 
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Description 

The present invention relates to a terminal unit for 
use with radio system suitable for a CDMA (Code Divi- 
sion Multiple Access) type cellular telephone system, 
and to a searching method thereof. 

In recent years, a CDMA type cellular telephone 
system has become popular In the CDMA type cellular 
telephone system, a pseudo-random code is used as a 
spread code. A carrier of a transmission signal is spec- 
trum-spread. The pattern and phase of each spread 
code in the code sequence are varied so as to perform 
a multiple access. 

In the CDMA system, the spectrum spread method 
is used. In the spectrum spread system, when data is 
transmitted, the carrier is primarily modulated with the 
transmission data. In addition, the carrier that has been 
primarily modulated is multiplied by a PN (Pseudoran- 
dom Noise) code. Thus, the carrier is modulated with 
the PN code. As an example of the primarily modulating 
method, balanced QPSK modulating method is used. 
Since the'PN code is a random code, when the carrier 
is modulated by the PN code, the frequency spectrum 
is widened. 

When data is received, the received data is multi- 
plied by the same PN code that has been modulated on 
the transmission side. When the same PN code is mul- 
tiplied and the phase is matched, the received data is 
de-spread and thereby primahly modulated data is ob- 
tained. When the primarily modulated data is demodu- 
lated, the original data is obtained. 

In the spectrum spread method, to de-spread the 
received signal, the same PN code that has been mod- 
ulated on the transmission side is required for both the 
pattern and the phase. Thus, when the pattern and the 
phase of the PN code are varied, the multiple access 
can be performed. The method for varying the pattern 
and the phase of each spread code in the code se- 
quence and thereby performing the multiple access is 
referred to as CDMA method. 

As cellular telephone systems, an FDMA (Frequen- 
cy Division Multiple Access) system and a TDMA (Time 
Division Multiple Access) system have been used. How- 
ever, the FDMA system and the TDMA system cannot 
deal with a drastic increase of the number of users. 

In other words, in the FDMA system, the multiple 
access is performed on different frequency channels. In 
an analog cellular telephone system, the FDMA system 
is usually used. 

However, in the FDMA system, since the frequency 
use efficiency is bad, a drastic increase of the number 
of users tends to cause channels to run short. When the 
intervals of channels are narrowed for the increase of 
the number of channels, the adjacent channels adverse- 
ly interfere with each other and thereby the sound quality 
deteriorates. 

In the TDMA system, the transmission data is com- 
. pressed on the time base. Thus, the use time is divided 



and thereby the same frequency is shared. The TDMA 
system has been widely used as a digital cellular tele- 
phone system. In the TDMA system, the frequency use 
efficiency is improved in comparison with the simple 
5 FDAM system. However, in the TDMA system, the 
number of channels is restricted. Thus, it seems that as 
the number of users drastically increases, the number 
of channels runs short. 

On the other hand, the CDMA system has excellent 
10 interfere'nce resistance. Thus, in the CDMA system, ad- 
jacent channels do not interfere with each other Con- 
sequently, the frequency use efficiency improves and 
more channels can be obtained. 

In the FDMA system and the TDMA system, signals 
is tend to be affected by fading due to multi-paths. 

In other words, as shown in Fig. 1 , a signal is sent 
from a base station 201 to a portable terminal unit 202 
through a plurality of paths. In addition to a path PI in 
which a radio wave of the base station 201 is directly 
20. sent to the portable terminal unit 202, there are a path 
P2, a path P3, and so forth. In the path P2, the radio 
wave of the base station 201 is reflected by a building 
203A and sent to the portable terminal unit 202. In the 
path P3, the radio wave of the base station 201 is re- 
25 fleeted by a building 203B and sent to the portable ter- 
minal unit 202. 

The radio waves that are reflected by the buildings 
202A and 203B and sent to the portable terminal unit 
202 through the paths P2 and P3 are delayed from the 
30 radio wave that is directly sent from the base station 201 
to the portable terminal unit 202 through the path PI. 
Thus, as shown in Fig. 2, signals SI , 82, and S3 reach 
the portable terminal unit 202 through the paths P1 , P2, 
and,P3 at different timings, respectively. When the sig- 
3B nals SI, S2, and S3 through the paths PI, P2, and P3 
interfere with each other, a fading takes place. In the 
FDAM system and the TDMA system, the multi-paths 
cause the signal to be affected by the fading. 

On the other hand, in the CDMA system, with diver- 
40 sity RAKE method, the fading due to the multi-paths can 
be alleviated and the S/N ratio can be improved. 

In the diversity RAKE system, as shown in Fig. 3, 
receivers 221 A, 221 B, and 221 C that receive signals 
SI, S2, and S3 through the paths PI, P2, and P3 are 
45 disposed, respectively. A timing detector 222 detects 
codes received through the individual paths. The codes 
are set to the receivers 221 A, 221 B, 221 C correspond- 
ing to the paths PI, P2, and P3, respectively. The re- 
ceivers 221 A, 221 B, and 221 C demodulate the signals 
50 received through the paths PI, P2, and P3. The re- 
ceived output signals of the receivers 221 A, 221 B, and 
221 C are combined by a combining circuit 223. . 

In the spectrum spread system, signals received 
through different paths are prevented from interfering 
55 with each other The signals received through the paths 
PI , P2, and P3 are separately demodulated. When the 
demodulated output signals received through the re- 
spective paths are combined, the signal intensity be- 
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comes large and the S/N ratio improves. In addition, the 
influence of the fading due to the multi-paths can be al- 
leviated. 

In the above-described example, for simplicity, with 
the three receivers 221 A, 221 B, and 221 C and the tim- 
ing detector 222, the structu re of the diversity RAKE sys- 
tem was shown. However, in reality, in a cellular tele- 
phone terminal unit of diversity RAKE type, as shown in 
Fig. 4, fingers 251 A, 251 B. and 251C, a searcher 252. 
and a data combiner 253 are disposed. The fingers 
251 A, 2518, and 251 C obtain demodulated output sig- 
nals for the respective paths. The searcher 252 detects 
signals through multi-paths. The combiner 253 com- 
bines the demodulated data for the respective paths. 

In Fig. 4, a received signal as a spectrum spread 
signal that has been converted into an intermediate fre- 
quency is supplied to an input terminal 250. This signal 
is supplied to a sub-synchronous detecting circuit 255. 
The sub-synchronous detecting circuit 255 is composed 
of a multiplying circuit. The sub-synchronous detecting 
circuit 255 multiplies a signal received from the input ter- 
minal 250 by an output signal of a PLL synthesizer 256. 
An output signal of the PLL synthesizer 256 is controlled 
with an output signal of a frequency combiner 257. The 
sub-synchronous detecting circuit 255 performs a quad- 
rature detection for the received signal. 

An output signal of the sub-synchronous detecting 
circuit 255 is supplied to an A/D converter 258. The A/ 
D converter 258 converts the input signal into a digital 
signal. At this point, the sampling frequency of a con- 
troller 258 is much higher than the frequency of the PN 
code that is spectrum-spread. In other words, the input 
signal of the A/D converter 258 is over-sampled. 

An output signal of the controller 258 is supplied to 
the fingers 251 A, 251 B, and 251 C. In addition, the out- 
put signal of the controller 258 is supplied to the search- 
er 252. The fingers 251 A, 2518, and 25 1C de-spread 
the signals received through the respective paths, syn- 
chronize the signals, acquire the synchronization of the 
received signals, demodulate the data of these signals, 
and detect frequency errors of the signals. 

The searcher 252 acquires the PN codes of the re- 
ceived signals and designates the phase of the PN 
codes of the paths to the fingers 251 A. 251 B, and 251 C. 
In other words, the searcher 252 has a de-spreading cir- 
cuit that multiplies a received signal by a PN code and 
de-spreads the signal. In addition, the searcher 252 
shifts the phase of the PN code and obtains the corre- 
lation with the received code under the control of the 
controller 258. With the correlation between a designat- 
ed code and a received code, a code for each path is 
determined. 

An output signal of the searcher 252 is supplied to 
the controller 258. The controller 258 designates the 
phases of the PN codes for the fingers 251 A, 251 B, and 
251 C corresponding to the output signal of the searcher 
252. The fingers 251 A, 251 B, and 251 C de-spread the 
received signals and demodulate the received signals 



received through the respective phases using the des- 
ignated phases of the PN codes. 

The demodulated data is supplied from the fingers . 
251 A, 251 B, and 251 C to the data-combiner 253. The 
5 data combiner 253 combines the received signals re- 
ceived through the respective paths. The combined sig- 
nal is obtained from an output terminal 259. 

The fingers 251 A, 251 B. and 251 C detect frequen- 
cy errors. The frequency errors are supplied to the fre- 
quency combiner 257. With an output signal of the fre- 
quency combiner 257. the oscillation frequency of the 
PLL synthesizer 256 is controlled. 

In a CDMA type cellular telephone system, one 
base station is disposed every a plurality of areas re- 

?5 ferred to as cells. The phase of a code received from 
the base station varies cell by cell. For example, in the 
case that a portable terminal unit is used in a mobile 
substance such as a car, when the mobile substance 
leaves a cell, a radio wave of the base station does not 

20 reach the mobile substance. Thus, demodulated data 
cannot be obtained. Even in a cell, if there is an obstacle 
such as a building, the radio wave of the base station 
does not reach the mobile substance. Thus, demodulat- 
ed data may not be obtained. Conventionally, when de- 

25 modulated data cannot be obtained, the searcher 252 
shifts the PN code from the initial phase to the last 
phase, searches the PN code for all the phases, and 
acquires the received code. Thereafter, the acquired 
code is designated to the respective fingers 25 1 A, 251 B, 

30 and 251 C. Thus, when demodulated data cannot be ob- 
tained, it takes a long search time. 

According to a first aspect of the present invention 
there is provided a terminal unit for use with a radio sys- 
tem for spectrum-spreading a transmission signal with 

35 a spread code, transmitting the resultant signal, varying 
the pattern and phase of a code sequence of the spread 
code, and performing a multiple-access, comprising a 
searcher for searchingths of signals received from multi- 
paths, a plurality of fingers for de-spreading the received 

^0 signals for the searched paths and demodulating data, 
a combiner for combining output data of the fingers, 
memory means for storing a next alternative code and/ 
or frequency and controlling means for controlling said 
searcher so as to perform corresponding to the next al- 

^5 ternative code and/or frequency in case that demodu- 
lating data is not obtained and the memory means store 
the next alternative code and/or frequency 

According to a second aspect of the present inven- 
tion there is provided a searching method for use with 

50 a radio system for spectrum-spreading a transmission 
signal with a spread code, transmitting the resultant sig- 
nal, varying the pattern and phase of a code sequence 
of the spread code, and performing a multiple-access, 
comprising the steps of storing a next alternative code 

55 and/or frequency beforehand, and when the demodu- 
lated data is not obtained, using the next alternative 
code and/or frequency. 

Preferably a next alternative storing memory for 
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storing a next alternative is disposed. When dennodulat- 
ed data cannot be obtained, a searching process is per- 
formed corresponding to the next alternative code 
stored in the next alternative storing memory. Thus, the 
search time can be shortened when demodulated data 
cannot be obtained. 

Embodiments of the present invention is to provide 
a terminal unit for use with a radio system that allows 
the search time to be short in the case that demodulated 
data cannot be obtained and a searching method there- 
of. 

The above and other features and advantages of 
the present invention will become apparent from the fol- 
lowing detailed description given by way of non-limita- 
tive example with reference to the accompanying draw- 
ings, in which:- 

Fig. 1 is a schematic diagram for explaining multi- 
paths: 

Fig. 2 is a schematic diagram showing a waveform 
for explaining multi-paths: 

Fig. 3 is a block diagram for explaining a diversity 
RAKE system; and 

Fig. 4 is a block diagram showing an example of a 
receiver of the diversity RAKE system. 
Fig. 5 is a block diagram showing the overall struc- 
ture of a portable telephone terminal unit of CDMA 
type according to the present invention; 
Fig. 6 is a block diagram showing an example of the 
structure of a searcher of the portable telephone ter- 
minal unit of CDMA type according to the present 
invention: 

Fig. 7 is a block diagram showing an example of the 
structure of a finger of the portable telephone ter- 
minal unit of CDMA type according to the present 
invention; and 

Fig. 8 is a flow chart showing an example of a proc- 
ess in the case that demodulated data of the port- 
able telephone terminal unit of CDMA type accord- 
ing to the present invention cannot be obtained; 

With reference to the accompanying drawings, an 
embodiment of the present invention will be described. 
Fig. 5 is a block diagram showing an example of a port- 
able terminal unit for use with a cellular telephone sys- 
tem of CDMA type according to the present invention. 
The portable terminal unit uses diversity RAKE system 
as the receiving system. In the diversity RAKE system, 
signals are received from a plurality of paths at the same 
time. The received signals are combined. 

In Fig. 5, in the transmission mode, an audio signal 
is input to a microphone 1 . The audio signal is supplied 
to an A/D converter 2. The A/D converter 2 converts an 
analog audio signal into a digital audio signal. An output 
signal of the A/D converter 2 is supplied to a audio com- 
pressing circuit 3. 

The audio compressing circuit 3 compresses and 
encodes the digital audio signal. As examples of the 



compressing and encoding system, various types have 
been proposed. For example, a system such as QCELP 
(Qualcomm Code Excited Linear Coding) system can 
be used. In the QCELP system, depending on the char- 

5 acteristics of the sound of the user and the congestion 
state of the communication path, a plurality of encoding 
speeds can be used. In this case, four encoding speeds 
(9.6 kbps, 4.8 kbps, 2.4 kbps, and 1 .2 kbps) can be se- 
lected. To maintain the communication quality, data can 

10 be encoded at the minimum speed. It should be noted 
that the audio compressing system is not limited to the 
QCELP system. 

An output signal of the audio compressing circuit 3 
is supplied to a convotutional encoding circuit 4. The 

15 convolutional encoding circuit 4 adds an error correction 
code as a convolutional code to the transmission data. 
An output signal of the convolutional encoding circuit 4 
is supplied to an interleaving circuit 5. The interleaving 
circuit 5 interleaves the transmission data. An output 

20 signal of the interleaving circuit 5 is supplied to a spec- 
trum spreading circuit 6. 

The spectrum spreading circuit 6 primarily modu- 
lates the carrier and secondary modulates the resultant 
signal with a PN code. In other words, the spectrum 

2S spreading circuit 6 primarily modulates the transmission 
data corresponding to for example balanced QPSK 
modulating method. In addition, the resultant signal is 
multiplied by a PN code. Since the PN code is a random 
code, when the PN code is multiplied, the frequency 

30 band of the carrier is widened. Thus, the carrier is spec- 
trum-spread. As an example of the modulating method 
for the transmission data, the balanced QPSK modulat- 
ing method is used. However, another modulating meth- 
od can be used in various methods that have been pro- 

35 posed. 

An output signal of the spectrum spreading circuit 
6 is supplied to a D/A converter 8 through a band pass 
filter 7. An output signal of the D/A converter 8 is sup- 
plied to an RF circuit 9. 

40 A local oscillation signal is supplied from a PLL syn- 
thesizer 11 to the RF circuit 9. The RF circuit 9 multiplies 
the output signal of the D/A converter 8 by the local os- 
cillation signal of the PLL synthesizer 11 and thereby 
converts the frequency of the transmission signal into a 

45 predetermined frequency. An output signal of the RF cir- 
cuit 9 is supplied to an transmission amplifier 10. After 
the power of the transmission signal is amplified, the re- 
sultant signal is supplied to an antenna 1 2. A radio wave 
is sent from the antenna 1 2 to a base station. 

50 In the reception mode, a radio wave sent from a 
base station is received by the antenna 12. Since the 
radio wave sent from the base station is reflected by 
buildings and so forth, the radio wave reaches the an- 
tenna 12 of the portable terminal unit through multi- 

55 paths. When the portable terminal unit is used in a car 
or the like, the frequency of the received signal may vary 
due to the Doppler effect. 

The output signal of the antenna 12 is supplied to 
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an RF circuit 20. The RF circuit 20 receives a local os- 
cillation signal f ronn the PLL synthesizer 1 1 . The RF cir- 
cuit 20 converts the received signal into an intermediate 
frequency signal with a predeternntned frequency 

An output signal of the RF circuit 20 Is supplied to 
a semi-synchronous detecting circuit 22 through an in- 
termediate frequency circuit 21. An output signal of a 
PLL synthesizer 23 is supplied to the semi-synchronous 
detecting circuit 22. The frequency of the output signal 
of the PLL synthesizer 23 is controlled with an output 
signal of a frequency combiner 32. The semi-synchro- 
nous detecting circuit 22 quadrature-detects the re- 
ceived signal. 

An output signal of the semi-synchronous detecting 
circuit 22 is supplied to an A/D converter 24. The A/D 
converter 24 digitizes the output signal of the semi-syn- 
chronous detecting circuit 22. At this pointy the sampling 
frequency of the A/D converter 24 is higher than the 
chip-rate of the PN code that has been spectrum- 
spread. In other words, the input signal of the A/D con- 
verter is over-sampled. An output signal of the A/D con- 
verter 24 Is supplied to fingers 25A, 25B. and 25C. In 
addition, the output signal of the A/D converter 24 is sup- 
plied to a searcher 28. 

As described above, in the reception mode, signals 
are received through multi-paths. The fingers 25A, 25B, 
and 25C multiply the signals received through the multi- 
paths by the PN code so as to de-spread the received 
signals. In addition, the fingers 25A, 25B, and 25C out- 
put the levels of the signals received through the multi- 
paths and the frequency errors of these multi-paths. 

The searcher 28 acquires the codes of the received 
signals and designates the phase of the PN codes for 
the paths. In other words, the searcher 28 has a de- 
spreading circuit that multiplies the received signals by 
the respective PN codes and de-spread the received 
signals. The searcher 28 shifts the phases of the PN 
codes under the control of a controller 29 and obtains 
the correlation with the PN received codes. With the cor- 
relation values of the designated codes and the received 
codes, the codes for the respective paths are designat- 
ed. The phase of the codes designated by the controller 
29 are supplied to the fingers 25A, 258, and 25C. 

The received data for the respective paths demod- 
ulated by the fingers 25A, 258, and 25C is supplied to 
a data combiner 30. The data combiner 30 combines 
the received data for the respective paths. An output sig- 
nal of the data combiner 30 is supplied to an AGC circuit 
33. 

The fingers 25A, 258, and 25C obtain the intensities 
of the signals received through the respective paths. 
The intensities of the signals received through the re- 
spective path are supplied from the fingers 25A, 258, 
and 25C to a RSSI combiner 31 . The RSSI combiner 31 
combines the intensities of the signals received through 
the respective paths. An output signal of the RSSI com- 
biner 31 is supplied to the AGC circuit 33. The gain of 
the AGC circuit 33 is controlled so that the signal level 



of the received data becomes constant. 

The frequency errors for the respective paths are 
supplied from the fingers 25A, 258, and 250 to the fre- 
quency combiner 32. The frequency combiner 32 com- 

5 bines the frequency errors for the respective paths. An 
output signal of the frequency combiner 32 is supplied 
to the PLL synthesizer 11 and 23. Corresponding to the 
resultant frequency error the frequencies of the PLL 
synthesizer 11 and 23 are controlled. 

TO An output signal of an AGC circuit 33 is supplied to 
a de-interleaving circuit 34. The de-interleaving circuit 
34 de-interleaves the received data that has been inter- 
leaved on the transmission side. An output signal of the 
de-interleaving circuit 34 is supplied to a Viterbi decod- 
es ing circuit 35. The Viterbi decoding circuit 35 decodes a 
convolutional code with a soft determining process and 
a maximum likelihood decoding process. The Viterbi de- 
coding circuit 35 performs an error correcting process. 
An output signal of the Viterbi decoding circuit 35 is sup- 

20 plied to an audio expanding circuit 36. 

' The audio expanding circuit"36 decompresses the 
audio signal that has been compressed with for example 
the QCELP method and decodes a digital audio signal. 
The digital audio signal is supplied to a D/A converter 

25 37. The D/A converter 37 restores a digital audio signal 
to an analog audio signal. The analog audio signal is 
supplied to a speaker 38. 

Fig. 6 is a block diagram showing the structure of 
the searcher 28 of the portable telephone terminal unit 

30 according to the present invention. , In Fig. 6, a digital 
signal is supplied from the A/D converter 24 (see Fig. 1 ) 
to an input terminal 51. As described above, the sam- 
pling frequency of the A/D converter 24 is higher than 
the chip-rate of a PN code. In other words, the digital 

35 signal is over-sampled. The digital signal is supplied 
from the input terminal 51 to a decimating circuit 52. The 
decimating circuit 52 decimates the signal received from 
the input terminal 51 . An output signal of the decimating 
circuit 52 is supplied to a multiplying circuit 53. 

•^0 A PN code generating circuit 54 generates a PN 
code that has spread on the transmission side. The 
phase of the PN code received from the PN code gen- 
erating circuit 54 can be designated by a controller 29. 
The PN code received from the PN code generating cir- 

^5 cuit 54 is supplied to the multiplying circuit 53. 

The multiplying circuit 53 multiplies the output sig- 
nal of the decimating circuit 52 by the PN code received 
fronn the PN code generating circuit 54. Thus, the re- 
ceived signal from the input terminal 51 de-spreads. 

50 When the pattern and the phase of the received code 
match the pattern and the phase of the code received 
from the PN code generating circuit 54, the received sig- 
nal de-spreads. Thus, the level of an output signal of the 
multiplying circuit 53 becomes large. The output signal 

55 of the multiplying circuit 53 is supplied to a level detect- 
ing circuit 57 through a band pass filter 56. The level 
detecting circuit 57 detects the level of the output signal 
of the multiplying circuit 53. 
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An output signal of the level detecting circuit 57 is 
supplied to an adding circuit 58. The adding circuit 58 
cumulates output data a predetermined number of times 
(for example, 64. times). With the cumulated value of the 
output data of the level detecting circuit 57, correlation 
values of the PN code designated to the PN code gen- 
erating circuit 54 and the received PN code are ob- 
tained. An output signal of the adding circuit 58 is sup- 
plied to a memory 59. in addition, the output signal of 
the adding circuit 58 is supplied to a maximum value 
detecting circuit 60. The maximum value detecting cir- 
cuit 60 obtains the maximum value of the correlation val- 
ues. The maximum value of the correlation value is 
stored in a maximum value memory 61 . 

The phase of the PN code received from the PN 
code generating circuit 54 is shifted every a predeter- 
mined number of chips (for example, every chip or every 
1/2 chip). The correlation values are obtained from the 
output signal of the adding circuit 58 for each phase. 
The correlation values are stored in the memory 59. Af- 
ter the PN code has been designated for one period, for 
example three phases with the largest correlation val- 
ues are selected. The selected phases are designated 
to the fingers 25A, 25B, and 25C (see Fig. 5). When the 
three phases are selected in the order of the larger cor- 
relation values and three paths are designated, the max- 
imum value stored in the maximum value memory 61 is 
used. 

Fig. 7 is a block diagram showing the structure of 
each of the fingers 25A, 25B, and 25C of the portable 
telephone terminal unit according to the present inven- 
tion. In Fig. 7, a digital signal is supplied from the A/D 
converter 24 (see Fig. 5) to an input terminal 71 . As de- 
scribed above, the sampling frequency of the A/D con- 
verter 24 is higher than the chip-rate of the PN code. In 
other words, the digital signal is over-sampled. 

The digital signal is supplied from the input terminal 
71 to decimating circuits 72. 73, and 74. A clock is sup- 
plied from a clock controlling circuit 75 to the decimating 
circuit 72 through a delaying circuit 76. The clock from' 
the clock controlling circuit 75 is directly supplied to the 
decimating circuit 73. The clock from the clock control- 
ling circuit 75 is supplied to the decimating circuit 74 
through delaying circuits 76 and 77. Each of the delaying 
circuits 76 and 77 has a delay amount for 1/2 chip. The 
decimating circuits 72, 73. and 74 decimate the digital 
^ signal received from the input terminal 71 . 

Output signals of the decimating circuits 72. 73, and 
74 are supplied to multiplying circuits 78, 79. and 80, 
respectively. The PN code is supplied from a PN code 
generating circuit 81 to the multiplying circuits 78, 79, 
and 80. The PN code generating circuit 81 generates 
the same PN code that has spread on the transmission 
side. 

The multiplying circuit 78 multiplies the output sig- 
nal of the decimating circuit 72 by an output signal of the 
PN code generating circuit 8 1 . When the pattern and the 
phase of the received PN code match the pattern and 



the phase of the code received from the PN code gen- 
erating circuit 81 , the multiplying circuit 78 outputs a de- 
spread signal. An output signal of the multiplying circuit 
78 is supplied to a demodulating circuit 83 through a 
5 band pass filter 82. 

The demodulating circuit 83 demodulates the re- 
ceived signal. The demodulating circuit 83 outputs de- 
modulated data. The demodulated data is output from 
an output terminal 84. The demodulating circuit 83 de- 
?o tects the level of the received signal. The signal level is 
obtained from an output terminal 85. The demodulating 
circuit 83 detects a frequency error. The frequency error 
is obtained from an output terminal 86. 

The multiplying circuits 79 and 80 multiply output 
15 signals of the decimating circuits 73 and 74 by the output 
signal of the PN code generating circuit 81 , respectively 
The clock of the clock controlling circuit 75 is directly 
supplied to the decimating circuit 73. The clock supplied 
from the clock controlling circuit 75 to the decimating 
20 circuit 74 is delayed by one chip. Assuming that the 
phase of the output signal of the decimating circuit 72 is 
the center phase, an output signal with a phase ad- 
vanced by 1/2 chip from the center phase and an output 
signal with a phase delayed by 1/2 chip from the center 
25 phase are obtained from the decimating circuits 73 and 
74, respectively. The multiplying circuits 79 and 80 mul- 
tiply the signal with the phase advanced by 1 /2 chip from 
the center phase and the signal with the phase delayed 
by 1/2 chip from the center phase by the code received 
30 from the PN code generating circuit 81 . Thus, de-spread 
output signals with the phases advanced by 1 /2 chip and 
delayed by 1/2 chip from the center phase are obtained. 
Output signals of the multiplying circuits 79 and 80 are 
used to form a DLL (Delay Locked Loop). 
35 In other words, the output signals of the multiplying 
circuits 79 and 80 are supplied to level detecting circuits 
89 and 90 through band pass fitters 87 and 88. respec- 
tively. The level detecting circuits 89 and 90 output the 
levels of the de-spread signals with the phases ad- 
40 vanced by 1/2 chip and delayed by 1 /2 chip. Output sig- 
nals of the level detecting circuits 89 and 90 are supplied 
to a subtracting circuit 91 . 

The subtracting circuit 91 compares the level of the 
de-spread signal with the phase advanced by 1/2 chip 
45 and the level of the de-spread signal with the phase de- 
layed by 1/2 chip. An output signal of the subtracting 
circuit 91 is supplied to the clock controlling circuit 75 
through a loop filter 92. The clock controlling circuit 75 
controls the clock supplied to the decimating circuits 72 
50 to 74 so that the level of the output signal of the sub- 
tracting circuit 91 becomes 0. 

Assuming that an input signal is over-sampled eight 
times by the A/D converter 24 and that the resultant sig- 
nal is 1/8 decimated by the decimating circuits 72 to 74, 
55 the decimating circuits 72 to 74 output signals at inter- 
vals of every eight samples. When it is determined that 
the current timing is very late corresponding to the out- 
put signal of the subtracting circuit 91, the signal is out- 
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put at intervals of every seven samples instead of every 
eight samples. Thus, the phase of the signal is ad- 
vanced. 

Initial phase data is supplied from a controller 29 to 
the PN code generating circuit 81 . The initial phase data 
is designated corresponding to a path detected by the 
searcher 28. Corresponding to the fluctuation of the PN 
code, the above-described DLL loop operates so as to 
acquire the received code. . 

In this example, a next alternative storing memory 
93 that stores a next alternative PN code is disposed. 
When demodulated data cannot be obtained, the next 
alternative code is stored in the next alternative storing 
memory 93. Examples of the next alternative code are: 

(1) PN code and frequency received corresponding 
to an adjacent base station. 

(2) PN code shifted from the phase of the current 
PN code by the phase corresponding to the offset 
of a code with an adjacent base station or frequency 
shifted from the current frequency by the frequency 
corresponding to the offset of a frequency with an 
adjacent base station. 

(3) PN code and frequency corresponding to a base 
station that has been connected. 

In other words, for example, a portable terminal unit 
is disposed in a mobile substance such as a car When 
the mobile substance moves to an adjacent cell, a code 
corresponding to a base station of the adjacent cell is 
designated as the next PN code. 

Thus, when a PN code of an adjacent base station 
has been received, the PN code is stored as the next 
alternative PN code in the next alternative storing mem- 
ory 93. 

When a code of an adjacent base station has not 
been received, since the phase of the PN code of the 
adjacent base station is shifted by the phase corre- 
sponding to a predetermined offset, a code shifted from 
the phase of the current PN code by the phase corre- 
sponding to the offset of the PN code with the adjacent 
base station is stored as the next alternative code in the 
next alternative storing memory 93. 

When demodulated data cannot be temporarily ob- 
tained due to an obstruction such as a building or when 
the mobile substance is in the boundary of a cell, a PN 
code of a base station that has been connected is des- 
ignated as the next PN code. Thus, the PN codes of 
base stations that have been connected are stored as 
next alternative PN codes in the next alternative storing 
memory 93. 

This applies to a frequency to be designated as well 
as the phase of a PN code. Alternatively, these codes 
may be designated priority levels. Corresponding to the 
priority levels, next alternative codes may be selected 
and used. 

In this example, the next alternative storing memory 
93 stores a next alternative PN code. With the code in- 



formation of the next alternative stored in the next alter- 
native storing memory 93, the searching process can 
be performed at high speed when demodulated data 
cannot be obtained. 

5 Fig. 8 shows the searching process. When demod- 

ulated data cannot be obtained from the fingers 25A, 
25B, and 25C. it is determined whether or not PN code 
information as the next alternative has been stored in 
the next alternative storing memory 93 (at step STI). 

10 When tNe PN code information of the next alternative 
has been stored in the next alternative storing memory 
93, the searching process is performed with the code 
information (at step ST2). A code with a phase obtained 
in the searching process is designated to the fingers 

IS 25A, 25B, and 25C. When an error between the desig- 
nated PN code and the received PN code is in the range 
locked by the DLL, the received signal de-spreads. 
Thus, demodulated data is obtained from the fingers 
25A, 25B, and 25C. Next, it is determined whether or 

20 not demodulated data is obtained from the fingers 25A, 
258, and 25C (at step ST3). When demodulated data is 
obtained, the demodulating process is continued with 
the current code (at step ST4). 

When demodulated data is not obtained at step ST3 

2S or when the determined result at step STI is No (namely, 
the next alternative code has not been stored), the 
searcher 28 searches all phases from the initial phase 
(at step ST5). After the searching process is completed, 
a code is designated to the fingers 25A, 258, and 25C 

30 corresponding to the code acquired by the searcher 28. 
With the code, a partial searching process is performed 
(at step ST6). When the error between the designated 
code and the received code is in the range locked by 
the DLL, the received signal de-spreads. Thus, demod- 

35 ulated data is obtained from the fingers 25A, 258, and 
25C. When the demodulated data is obtained, the de- 
modulating process is continued with the code (at step 
ST4). 

According to the present invention, a next alterna- 
te tive storing memory that stores a next alternative PN 
code is disposed. When demodulated code cannot be 
obtained, the searching process is performed corre- 
sponding to the next alternative code stored in the next 
alternative code. Thus, when the demodulated data 
cannot be obtained, the search time can be shortened. 

Having described a specific preferred embodiment 
of the present invention with reference to the accompa- 
nying drawings, it is to be understood that the invention 
is not limited to that precise embodiment, and that var- 
50 ious changes and modifications may be effected therein 
by one skilled in the art without departing from the scope 
or the spirit of the invention as defined in the appended 
claims. 

55 

Claims 

1. A terminal unit for use with a radio system for spec- 
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trum-spreadihg a transmission signal with a spread 
code, transmitting the resultant signal varying the 
pattern and phase of a code sequence of the spread 
code, and performing a multiple-access, compris- 
ing: ^ 



a searcher for searching paths of signals re- 
ceived from multi-paths; 
a plurality of fingers for de-spreading the re- 
ceived signals for the searched paths and de- 
modulating data: 

a combiner for combining output data of said 
fingers; 

memory means for storing a next a code and/ 
or frequency: and 

controlling means for controlling said searcher 
so as to perform corresponding to the next al- 
ternative code and/or frequency in case that 
demodulating data is not obtained and said 
memory means store said next alternative code 
and/or frequency. 
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2. A terminal unit according to claim 1, wherein the 
next alternative code and/or frequency is a code 
and/or frequency, that is obtained corresponding to 25 
an adjacent base station. 

3. A terminal unit according to claim 1 or 2, wherein 
the next alternative code and/or frequency is a code 
and/or frequency corresponding to a base station 30 
that has been connected to the terminal unit. 



A terminal, unit according to any one of the preced- 
ing claims, wherein the next alternative code and/ 
or frequency is a code and/or frequency that is shift- 
ed ^by a phase and/or frequency corresponding to 
an offset of a code and/or frequency with an adja- 
cent base station. 



35 



5. A searching method for use with a radio system for 
spectrum-spreading a transmission signal with a 
spread code, transmitting the resultant signal, var- 
ying the pattern and phase of a code sequence of 
the spread code, and performing a multiple-access, 
comprising the steps of: 

storing a next alternative code and/or frequen- 
cy beforehand; and 

when the demodulated data is not obtained, 
searching process is performed corresponding 
to the next alternative code and/or frequency. 

6. A searching method according to claim 5. wherein 
the next alternative code and/or frequency is a code 
and/or frequency that is obtained corresponding to 
an adjacent base station. 

7. A searching method according to claim 5 or 6, 



40 



45 



50 



55 



Wherein the next alternative code and/or frequency 
is a code and/or frequency corresponding to a base 
station that has been connected to the terminal unit. 

A searching method according to any one of claims 
5 to 7, wherein the next alternative code and/or fre- 
quency is a code and/or frequency that is shifted by 
a phase and/or frequency, corresponding to an off- 
set of a code and/or frequency with an. adjacent 
base station. 
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Fig. 3 
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Fig. 8 



(DISCONNECTED^ 




ST5 



SEARCHER 
SEARCHES ALL 
PHASES 



I 



ST6 



SEARCHER PERFORMES 
PARTIAL SEARCHING 
PROCESS 



ST4 



1 



ST2 
i 



SEARCHER PERFORMES 
PARTIAL SEARCHING 
PROCESS 




YES 



DEMODULATE 
DATA 



CONNECTION RESTORED 



0 



15 



THIS PAGE BLANK (uwra, 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



^i6flM»E BLANK (USPTO) 



